Energy and utilities companies find themselves in a paradoxical situation in which their traditional business models are losing profitability, and they must advocate energy efficiency and climate-protection goals, and thus encourage their customers to save energy. As a result, they must partially cannibalize their business models and experiment with new models and techniques. Energy Informatics (EI) offers promising business opportunities that alleviate the concerns of energy companies about traditional revenue streams. However, recent discussions on this issue lack proof of concept and success determinants. This business case study fills this gap by describing the journey of German energy company Energiequelle, which established a sustainable business model based on EI. On the basis of our interview data, we analyzed Energiequelle's EI strategy and stakeholder management and present six lessons learned. We believe that our practice-oriented research provides profound insight, especially to high-level executives and policymakers.
Introduction
Globally, energy companies are at a crossroads. Limited fossil resources, safety threats related to nuclear-power generation, and internationally established climate-protection goals force stakeholders in the energy sector to question energy supply and consumption [1, 2] . According to international experts, energy markets in 2050 will be dominated by renewables, be organized on the basis of decentralized power generation, have empowered consumers who play an active role in energy production, and reshape industry structure and business models [3] [4] [5] .
To date, most energy companies still focus on optimizing their existing traditional business models, and they have defended their current state mostly by expanding to adjacent fields of business. However, the abovementioned trends have significant implications for the energy industry and power-plant operators. They will eventually be forced to shut down profitable nuclear and coal-fired power stations because a sustainable energy system based on renewable sources and zero marginal costs of production will replace them [6, 7] . Therefore, the business models of many energy producers would be disrupted. Utilities will face increasing competition from innovative new market actors and, ironically, former customers now using "behind-the-meter" on-site generation sources [5, 8] . That successful energy companies are concerned about traditional revenue streams is not surprising [9] . In addition, technical issues such as system stability, secure supply, grid management, and storage opportunities all require of the most relevant theoretical concepts that help to understand Energiequelle's strategic approach in Feldheim.
Theoretical background

Business Models
A business model provides a structured, complexity-reduced, and holistic perspective on how a company conducts business and enables managers to take a comprehensive and user-centric look at a company's activities [24, 25] . Analyzing the business model of a firm coincides with understanding the business' architecture and logic [24, 26] . Furthermore, the business model may be the "starting point for innovation strategies" [27] . The results of such initiatives can be the creation of an entirely new business strategy or the reconfiguration of the existing model. In both cases, management needs to establish value-creation and -capture mechanisms [28, 29] . This change is called business-model innovation when the reconfiguration of the business model is significantly different from the company's existing business model [28, 30] .
The previous literature distinguishes between static and dynamic views [31] . Whereas the static perspective covers constitutional elements of the business model, the dynamic view describes the evolution of the business model over time. Refinement and evolution processes usually imply challenges such as consistency issues, dissonances, or coupling obstacles [30] [31] [32] . Therefore, business-model innovation in the energy sector is accompanied by a series of specific barriers, aside from the general challenges of a business-model development process. These barriers include the consideration of sustainability, which is related to the content of the business models, the orchestration of an innovation ecosystem with regard to codependencies, and dealing with the major role of public policies [33] .
Energy Informatics
According to the EI framework, three types of technology constitute an intelligent energy-management system: flow networks, sensor networks, and sensitized objects [34] . A flow network "is a set of connected transport components that supports the movement of continuous matter (e.g., electricity, oil, air, and water)" [34] . Increasing the efficiency of flow networks is crucial to addressing sustainability goals, particularly as economic activities are energy-intense and produce high CO 2 emissions [35] . A sensor network is "a set of spatially distributed devices that reports the status of a physical item or environmental condition" [34] . Technologies such as barcodes or radio-frequency identification (RFID) chips help the sensor network to provide the data used to optimize the functionality of the flow network [36] . A sensitized object is "a physical good that a consumer owns or manages, and has the capability to sense and report data about its use" [34] . As illustrated in Figure 1 , an overarching IS brings these various elements together and forms an integrated solution. In this way, EI assumes an efficiency gain in the energy demand and supply system. Implementing EI requires a certain degree of intelligence that the IS must contribute [12] . Overall, the IS collects and transmits comprehensive data that are essential to optimizing algorithms and to providing relevant information to both the supply and demand sides [34] . 
Community Innovation
In the field of science and technology studies (STS), scholars use the sociological lens to study phenomena in the context of technology. Several innovation scholars drew from STS to understand technological innovation [21, 37, 38] . In this vein, researchers have taken an interest in the intertwined coevolution of technical and social developments in which a "community is part of the innovation itself" [38] , and have coined the concept of community innovation and the related idea of configurational innovation. These scholars are interested in cases in which change in the social community itself is an integral part of the innovation. Three dimensions characterize community innovation. The first is the social dimension: [39] highlight the innovation happening outside of the changing existing devices and at the level of an "interplay of social, symbolic, and technological" innovations. The second is a collective operational mode [38] , especially in the context of energy systems, "where users collectively arrange loosely related sets of components into local systems that work" [39] . The third is the technological component, which is the use of existing technologies with new technical and nontechnical work to achieve innovation in, for example, business models [39] . Following Reference [40] , IS research also investigates the implications of interconnected processes and outcomes to better understand innovation management. In this context, business researchers expect a shift from the firm-centric innovation paradigm toward "webs of interdependence with partners" [41] . The implication of community innovation is to acknowledge its potential, constraints, and preconditions. The degree of cocreation depends on the level of community integration and activity patterns [42] . The co-ordination and the alignment of such a diverse group require constant stakeholder management. The social fabric of communities, that is, norms and shared ideology, influences the choice of goals and shapes the outcome [38] . 
In the field of science and technology studies (STS), scholars use the sociological lens to study phenomena in the context of technology. Several innovation scholars drew from STS to understand technological innovation [21, 37, 38] . In this vein, researchers have taken an interest in the intertwined coevolution of technical and social developments in which a "community is part of the innovation itself" [38] , and have coined the concept of community innovation and the related idea of configurational innovation. These scholars are interested in cases in which change in the social community itself is an integral part of the innovation. Three dimensions characterize community innovation. The first is the social dimension: [39] highlight the innovation happening outside of the changing existing devices and at the level of an "interplay of social, symbolic, and technological" innovations. The second is a collective operational mode [38] , especially in the context of energy systems, "where users collectively arrange loosely related sets of components into local systems that work" [39] . The third is the technological component, which is the use of existing technologies with new technical and nontechnical work to achieve innovation in, for example, business models [39] . Following Reference [40] , IS research also investigates the implications of interconnected processes and outcomes to better understand innovation management. In this context, business researchers expect a shift from the firm-centric innovation paradigm toward "webs of interdependence with partners" [41] . The implication of community innovation is to acknowledge its potential, constraints, and preconditions. The degree of cocreation depends on the level of community integration and activity patterns [42] . The co-ordination and the alignment of such a diverse group require constant stakeholder management. The social fabric of communities, that is, norms and shared ideology, influences the choice of goals and shapes the outcome [38] .
Case Description
Our business case study setting is German energy company Energiequelle, which established an EI business model. Case company Energiequelle was chosen for the following reasons: First, Energiequelle succeeded in building Germany's first self-sufficient energy community and has since received increasing amounts of attention. Politicians and visitors from inside and outside Germany regularly visit the community and are guided through the facilities. Second, the setting of Energiequelle in the EI project of Feldheim is still relatively unique. Although there is growing interest in test beds in Germany, to the best of our knowledge, Feldheim is the only successful operational EI system in Germany. Third, the willingness of stakeholders to share experiences and knowledge allowed us to study the phenomenon of Energiequelle's EI strategy at multiple stakeholder levels, including those of Energiequelle's CEO and chief marketing officer; three people from the district and village government; the Climate Protection Officer of the Federal State of Brandenburg; one representative of the co-operative; two people from community management; two citizens of Feldheim; and two external experts who closely follow the Feldheim project. Altogether, we conducted 13 interviews. Each interview lasted between 30 and 60 min and was conducted in November 2015.
This business case study follows a practice-oriented research idea [43] , deducting key insights, especially for high-level executives, policymakers, and society as a whole. Using a business case-study approach is justifiable, as the small number of EI cases in industrialized countries requires exploratory research design that allows us to obtain a general understanding before we seek quantitative evidence in future research [44] . Further, the interview approach facilitates studying the phenomenon from different levels of analysis, including the economic, social, and ecological levels [45] , as well as takes the specific challenges of case-study research in small business and entrepreneurial scenarios into account [46] .
The interviews were transcribed and partially translated. Using the EI framework, we analyzed the data with respect to Energiequelle's business strategy, the three different types of networks, the roles and relationships of all stakeholders, and the degree of fulfilment of ecogoals. To complement our interview data, the researchers collected and analyzed secondary data sources, such as Energiequelle's website and press releases, newspaper and magazine articles, information leaflets, and other available presentation material.
Setting: An Energy Company at the Vanguard of Germany's Energy Transition
In autumn 1993, Michael Raschemann, a civil-engineering student at the University of Applied Sciences in Potsdam, successfully presented his idea of building four wind turbines near Feldheim to a vestrymen meeting. More than two decades later, Raschemann is the CEO of Energiequelle, a leading German renewables company with more than 180 employees and an annual revenue of more than €121 million. What is even more impressive is that Energiequelle has succeeded in building Germany's first self-sufficient energy community. This system has 43 wind turbines, 284 solar panels, and a biomass plant.
The first four wind turbines in Feldheim were constructed from winter 1994 to spring 1995. From both a geographical and geological perspective, this choice is plausible. Feldheim and the surrounding area are in a wind-energy-friendly and tectonically useful location, including good relief, with a large amount of farmland and almost no forest. Raschemann successfully convinced the locals to realize this project. This first point of contact between Raschemann and local citizens laid the foundation for a trust-based relationship that was crucial for Energiequelle's project realization. Contrary to other cases where people demonstrate against infrastructure projects, the citizens of Feldheim were curious and open-minded from the start, and decided early on that they want a source of renewable energy in their community.
By 2006, Energiequelle had installed another 39 wind turbines during three construction phases in the Feldheim area. Throughout the entire period, Raschemann maintained a close relationship with the locals and local administration. This turned out to be a critical factor of the EI success.
In 2008, the energy company started planning to build a solar-panel factory. Interestingly, this solarmodule factory could have been built in Treuenbrietzen, which is the district town; however, supported by local politicians, Energiequelle aimed to keep everything in the village, and so built the factory in Feldheim and supplied it with energy generated by the wind farm. Because solar-panel production facilities require a massive amount of heat, the energy company was looking for a sustainable solution and started planning to build a biomass plant. It soon became obvious that a collaborative effort with the local co-operative made sense for Energiequelle for the following reasons. The co-operative was under pressure because the prices of agricultural goods were falling and profitability was declining. The biomass plant therefore represented an opportunity for the co-operative. Agricultural output (e.g., corn) could be used as raw material in operating the plant. In addition, the biomass plant could supply the co-operative's facilities with sustainable and cost-efficient heat.
The joint realization of the biomass plant in autumn 2008 was mainly possible because of the considerable level of trust created between Energiequelle and the locals, whereby the needs of both the inhabitants and the co-operative were respected. At first, the heat grid only supplied the solar-panel factory, hall complex, and a pig farm with moderate heat. However, shortly after, the co-operative wanted to create heat transfer for one of their administrative buildings that was being renovated. During this time, Energiequelle recognized the potential of the business idea for intelligent heat transfer to the entire Feldheim community. Thus, Raschemann hosted the first of three meetings and explained the intentions of Energiequelle. He stated that those who would like to join are invited to declare their interest. Energiequelle representatives also had the idea that they could directly supply the properties of the villagers with wind energy in addition to heat. This occurred at a time of fluctuation in the energy market, when diesel fuel suddenly became as expensive as petrol at the gas station. This was an additional motivation that led to the second meeting, in which nearly all inhabitants of Feldheim participated. The idea for a bigger project grew out of this meeting. Thus, Energiequelle, the co-operative, and the locals planned a heat network for the entire village. "And this sense of a community has led us to where we are now" (CEO, Energiequelle).
During this planning phase, further support was received from the Federal State of Brandenburg, which was running a funding program at the time. From that program, Feldheim received funding for 50% of the heat network. With the third meeting, the company Feldheim Energie was founded. This entity, in which the locals also invested, was intended to manage the EI system in Feldheim that integrated electricity and heat. In autumn 2009, everything was prepared, and realization began. At that time, based on the initiative of Energiequelle, the participants also talked to the regional telecommunication provider about modernizing their cables, and to water providers about the water supply. The benefit was that they managed to co-ordinate these activities and realized it in one trench, which saved costs and gave the locals an edge. This was indeed a challenge. However, according to a Feldheim spokesperson, "it worked out, as all stakeholders were united" (spokesperson of Feldheim).
Energiequelle's EI Business Model
In Feldheim, Energiequelle designed and deployed an integrated energy production and consumption system comprising both electricity and heat management (see Figure 2 ). In our case company, we focus on the idea of a sustainable EI business model, with ecoefficiency, ecoequity, and ecoeffectiveness. Furthermore, the journey of Energiequelle proves the necessity of trust-based relationships between key stakeholders, namely, businesses, consumers, and the government, for the successful realization of EI projects. The Feldheim system has two layers, electricity and heat. Both the electricity and heat grids are flow networks. The former directly connects the wind park to households and various facilities. To comply with regulatory issues and to avoid transit and tax collection, Energiequelle designed the system in such a way that Feldheim as a whole is plugged into the wind turbines. A new installation was necessary because the public energy provider was forced by German law to maintain supply possibilities and was not allowed to sell or rent their grid to the Feldheim community. The design of the heat grid is also quite peculiar. It connects the biomass plant, the solar-module factory, offices, the visitor center, the households, the flow heater (booster), which is required in low temperatures when the biomass process cannot work, and the pig farm.
Furthermore, there is a dense network of sensors and actuators that record wind velocities, outside temperatures, filling levels of biomass containers, and the temperatures of various biomass processes and the heating grid. All these data are fed into the IS and are essential for Energiequelle's optimal grid management.
With respect to sensitized objects, Energiequelle installed smart meters for heat and electricity in each household for monitoring and reporting consumption. These data are used twice. First, each household can assess its consumption on a web portal. Second, a citizen of Feldheim, given the title of local grid manager, who manages the heat network at a professional level, can assess the load profile of all consuming entities in Feldheim through their control panel, and thus regulate heating characteristics to manage peaks. For the electricity grid, Energiequelle has a maintenance facility where all production and consumption data are displayed on screens. As a reaction to demand changes or price changes at the jobbing house, the company can accordingly derate production volume.
The most crucial element in the EI system is the IS. This links the flows within and across the networks and sensitized objects and thus provides an integrated solution. In Energiequelle's setup, we identified various crucial functions of the IS. First, the smart grid requires intelligent heat The Feldheim system has two layers, electricity and heat. Both the electricity and heat grids are flow networks. The former directly connects the wind park to households and various facilities. To comply with regulatory issues and to avoid transit and tax collection, Energiequelle designed the system in such a way that Feldheim as a whole is plugged into the wind turbines. A new installation was necessary because the public energy provider was forced by German law to maintain supply possibilities and was not allowed to sell or rent their grid to the Feldheim community. The design of the heat grid is also quite peculiar. It connects the biomass plant, the solar-module factory, offices, the visitor center, the households, the flow heater (booster), which is required in low temperatures when the biomass process cannot work, and the pig farm.
The most crucial element in the EI system is the IS. This links the flows within and across the networks and sensitized objects and thus provides an integrated solution. In Energiequelle's setup, we identified various crucial functions of the IS. First, the smart grid requires intelligent heat management that levels differences in summer and winter. For example, there is the question of what to do with the heat in summer and, sometimes, the problem of where from to obtain heat in winter. When it suddenly becomes extremely cold, for example, −20 • C, for a very long time, the biomass plant itself needs heat to maintain the biogas process at a certain temperature. This problem was solved by using the solar-module plant as a variable heat user and heat regulator, and to derate it remotely in times of high heating demand to ensure energy for households. When the cold wave passes, the heating is resumed. "It is something like an active storage we created" (CEO, Energiequelle).
Energiequelle's EI system in Feldheim is self-sufficient; however, it was designed with several backup entities to ensure supply reliability. Energiequelle equipped the system with a wood-chip heater and a flow heater powered by wind energy. These 350-kilowatt components are essential to ensure supply if other sources fail; however, activation of these components requires time and money. The wood-chip heater takes a while to reach the desired temperature and, when supplying energy, temperature takes equally long to decrease. Compared to the flow heater, for the wind-powered flow heater, the cost of one kilowatt hour is only one-third of the cost of one unit (€0.025 compared to €0.08). The main advantage of the flow heater is activation time. This component can supply heat almost instantaneously, with no follow-up time, residual heat, or warm-up phase, and it is therefore very important for ensuring high reliability for the entire EI system, especially in peak-demand scenarios.
Similar management processes are required to run the electricity grid. An intelligent system is needed because the wind farm feeds eight facilities. This ensures Feldheim is supplied with electricity and heat at all times, even if there is almost no wind. There are also times when Energiequelle must maintain the transformer station for the wind-turbine feed-two to three days a year-during which nothing works for eight hours and nothing is fed into the grid. For those times, there is an automatic switch to the biomass plant. All these grid-management considerations are essential to run this self-sufficient system, which is not connected to public providers.
Next to the biomass plant that serves as an electricity generator, Energiequelle realized a 10-megawatt storage facility, able to supply Feldheim for several days with heat and electricity. Today, the storage facility has the additional function of stabilizing the public grid, and only in the case of a power outage when the public grid is shut down does the storage facility run "black town capable" as an island that the consumers could check. Interestingly, a self-sufficient heat and electricity system ensures a much more secure supply, "which was not always there before" (spokesperson of Feldheim).
Energiequelle Stakeholder Management
In addition to the crucial role of an IS, our interview data show the importance of Energiequelle's stakeholder management (see Figure 3) . Based on interviews with our case company, we provide evidence relating to the three most critical stakeholders, business, locals, and government. In the 1990s, when renewables were still in their infancy in Germany, Raschemann saw the possibilities of these technologies. However, it was not only his knowledge of technology and geology, but also his insistence on involving all stakeholders from the beginning, that made the difference: "He had a good way of presenting himself, [...] it was easy to trust him" (citizen of Feldheim). "The trust was there from the start" (spokesperson of Feldheim).
Energiequelle
The role of trust between all stakeholders in all stages of project realization has proven to be a critical element in the case of Energiequelle. Raschemann understood the importance of paying attention and listening. What makes people feel insecure about the project? Is it grounded in objectivity or is it rather a subjective notion? Further, he could sense curiosity in the village and found it important to communicate with the people, whether to address an imaginary issue or to deal with a real-world problem. In the long run, people's acceptance of an infrastructure project can be facilitated by including all stakeholders in the decision-making process [20, 47, 48] . "I think, this project would not have been possible, if we tried to plan it from top to bottom at the drawing board" (mayor of Treuenbrietzen). "Well, unity is very important in Feldheim, which is why everything worked out so well" (spokesperson of Feldheim).
Co-Operative
The co-operative plays a role in both the supply and demand sides of Energiequelle's journey. On the one hand, roughly 20% of the district is directly owned by the co-operative, making it a powerful voice in decision making. At the beginning of the entire project, the co-operative expressed concerns about Raschemann's ideas, as they feared a new competitor for land use. At that time, the market for agricultural products had also broken down, and prices steadily dropped. This was a result of the market opening due to the German reunification in 1990. At some point, the co-operative realized the potential to feed their crops and manure into the biomass process at the plant and to set up this new business. The organization also rented large amounts of land to Energiequelle and Feldheim Energie and thus generated a new revenue source. Thus, "the co-operative [...] were always In the 1990s, when renewables were still in their infancy in Germany, Raschemann saw the possibilities of these technologies. However, it was not only his knowledge of technology and geology, but also his insistence on involving all stakeholders from the beginning, that made the difference: "He had a good way of presenting himself, [...] it was easy to trust him" (citizen of Feldheim). "The trust was there from the start" (spokesperson of Feldheim).
Energiequelle
Co-Operative
The co-operative plays a role in both the supply and demand sides of Energiequelle's journey. On the one hand, roughly 20% of the district is directly owned by the co-operative, making it a powerful voice in decision making. At the beginning of the entire project, the co-operative expressed concerns about Raschemann's ideas, as they feared a new competitor for land use. At that time, the market for agricultural products had also broken down, and prices steadily dropped. This was a result of the market opening due to the German reunification in 1990. At some point, the co-operative realized the potential to feed their crops and manure into the biomass process at the plant and to set up this new business. The organization also rented large amounts of land to Energiequelle and Feldheim Energie and thus generated a new revenue source. Thus, "the co-operative [...] were always an important partner, particularly because they hold the contracts for the area [...] and the usage rights and had to agree if we want to do something within those areas" (CEO, Energiequelle).
On the other hand, the co-operative is Energiequelle's heat and electricity customer. Agricultural processes are energy-intensive, especially in the digital age, and Energiequelle's project encouraged modernization of the co-operative's business model, and therefore the sustainability of agricultural business.
Locals
The inhabitants of Feldheim have a powerful sense of belonging to the village. While some communities are characterized by rifts or factions, the citizens in Feldheim view unity as being very important. Therefore, Energiequelle's decision to involve all stakeholders at the outset and to explain in detail all the steps and consequences was crucial for the overall success. "They were curious and open-minded and said, well, it's a new thing but we like it to happen here" (CEO, Energiequelle).
In retrospect, there was a certain momentum when Raschemann met the locals in Feldheim and presented his ideas. This early commitment of the citizens also helped to get Energiequelle's project started, and to convince the district administration to support EI in Feldheim. "The residents have also played a key role, as it came from the residents, not the politicians" (mayor of Treuenbrietzen).
In the case of Energiequelle, we identified communication as an important enabler of the relationship between actors. This mechanism turned out to be particularly relevant in implementing Energiequelle's EI system, which represented a drastic shift in a critical area of life-energy supply. "Wind engines were not well-known, perhaps from the coast, if at all; anyways, it was not common. Thus, the benefits and drawbacks were not known" (CEO, Energiequelle).
Communicating what would happen next and involving the locals was highly important. For example, Energiequelle organized cranes that helped citizens see the machine housing and the homeland from above. It also made clear the dimensions of the wind-turbine blades. To gain increased acceptance, Raschemann and his team organized inauguration ceremonies at each major stage of the project.
District Government
Finally, local government and administration played an accompanying role. As the energy market in Germany is highly regulated, a self-sufficient EI solution would not have been feasible without the support of the local administration. In many cases, particularly with infrastructure projects, any undertakings need to fit into bigger contexts that politicians frame in relation to regional development. The specific momentum of the Feldheim project and Raschemann's drive were so convincing that the district government "didn't care about fitting into some larger regional development plans or not" (mayor of Treuenbrietzen). Quite the opposite, they found that it "is a general requirement for energy transition to allow for innovative ways of design and deployment" (mayor of Treuenbrietzen).
Energiequelle's Ecostrategy
The case of Feldheim shows how Energiequelle considered sustainability goals, such as ecoefficiency, ecoequity, and ecoeffectiveness [49] , in its EI system. Ecoefficiency is achieved with local citizens and firms paying about 20% below the average cost per energy unit. This reduced price is guaranteed by Energiequelle for at least 10 years, and compensates for shadows, noise, and decreased scenic beauty caused by the wind turbines. It also compensates for added costs as new energy grids were installed. From a business perspective, low energy prices are beneficial to Energiequelle, which runs local facilities and the visitor information center; the co-operative; and other local microfirms. Ecoefficiency is achieved through the intelligent management of different energy sources. Biomass energy is used as a basic heat source. In the case of peaks or very cold temperatures, heat is produced by the wood-chip plant. Finally, Energiequelle uses a wind energy-powered flow heater in situations of energy shortage.
The costs per unit of wood-chip energy and flow-heater energy are twice and eight times higher, respectively, than the cost of heat produced by the biomass plant.
Energy transitions should include energy equity considerations [50] . Energiequelle's business case shows that ecoequity should ensure a fair distribution of resources [51] . Feldheim proves that all affected stakeholders should be included; for example, we need to provide relief to those who carry the burden of having wind turbines and biomass plants in their backyards. This relief can be in the form of lower costs, that is, locals pay a significantly lower price for each energy unit. Additionally, locals should benefit in the form of modernized infrastructure, such as roads and street lighting, or in the form of educational or social aspects, such as local kindergartens, clubs, or space for local festivals.
Ecoeffectiveness assumes a massive shift in terms of people's mindset [52] . Energiequelle's idea of a self-sufficient EI solution is a possible concept for future energy systems based on renewable sources. Such a concept requires an elevated level of acceptance by those directly affected by its negative aspects, as well as compensation, such as lower electricity prices. A trust-based relationship between the involved actors further encourages the commitment of the locals to the entire transformation.
Lessons Learned
Six lessons can be inferred from Energiequelle's EI business model in Feldheim and can help CEOs and CBDOs of other energy companies set up business models that take advantage of the benefits of EI.
Lesson 1: Identify and Exploit Business Models for EI
Utilities consider the emergence of local and sustainable grid solutions as a huge threat to their own business [53] . However, as the journey of Energiequelle has shown, focusing on and providing energy systems based on EI can be more than a remedy. As such, EI can become a core business asset of energy companies [54, 55] .
This could quickly become highly important for energy-supply companies amid nuclear-power phase-outs and decreasing profits from fossil-fired power stations due to several reasons. First, climate-protection regulations are increasingly challenging the operation of these types of power plants and cost energy suppliers money. Second, the cost of producing each unit of energy from renewable-energy sources, like wind turbines and solar collectors, approaches zero over time after accounting for fixed costs, such as research and development and deployment [6] . Consequently, consumer energy prices will decline once the transition from fossil-energy sources to renewables has progressed. Third, outdated transmission grids, like those in Germany, and the lack of legacy transmission infrastructures in many large Western economies like the United States both create opportunities to deploy renewable-energy storage systems; these can take shape as EI systems that serve remote local communities and function as critical infrastructure in urban areas. EI business models offer the chance to deliver sustainable energy to people around the world, even in developing countries [56] .
By following Energiequelle's journey, we give further evidence for potentially new revenue streams in the context of EI, and provide proof of concept. The key areas for revenue streams are: design, infrastructure, deployment, management, control, and maintenance (see Table 1 ). Table 1 . Key areas for revenue streams of the EI business model.
Revenue Stream Description
Design The modular and flexible architecture of EI systems allows the individual and case-specific optimization of flow networks, sensor networks, and sensitized objects.
Infrastructure
Manufacturing and assembling EI system components like generators and panels (heat and power, solar), storage systems, load controllers, inverted relays, controller platforms, and vehicle chargers. 
Revenue Stream Description
Deployment
Installation and configuration of components and systems. Integration into customized working systems. Testing (test plans and procedures) and certification.
Management
Applying Information System (IS).
Secure backup power. Load management, peak management, and grid management.
Control and Maintenance
Provision of ongoing operational control and maintenance of EI systems and equipment.
Active companies in the energy market should take the chance to put themselves in a digitized and renewables-driven framework. Opportunities for EI would also attract players from other industries. The number of application fields and potential customers is constantly increasing (see Lesson 2) . CEOs and CBDOs need to harmonize the technical and organizational design potential of EI with suitable contract proposals and pricing models for customers that allow for individual price setting. Customers or firms that need high reliability in their power supply should be charged higher prices for their solution than customers with a less-critical dependency on gapless power. In this regard, we see IS as a key facilitator for the introduction of demand-response systems, smart meters, and other forms of telematics.
Lesson 2: Address Niche Customers First and Provide Individual Solutions
The second case-related lesson involves the approach that EI providers should follow. We see good chances to dive into this business by addressing niche customers with specific needs and grid requirements first. As we have seen in our study, the CEO of Energiequelle was looking for an appropriate area for wind-energy production. He quickly realized that designing the Feldheim grid in a way that suited the specific needs of Feldheim citizens was a key factor in its implementation and success.
For energy companies, small-sized communities in remote areas could be the first customer segment for the installation of EI systems. This idea makes sense because wind-and solar-power plants need considerable land area; integration in rural areas is much easier than in bigger cities for this reason. More importantly, deploying local EI systems does not require maintaining large overland grids that connect power plants with remote areas. Applying EI would also avoid discussions and costs to energy providers related to the installation of more (and even larger) overland lines. If we would follow an approach in which the energy system is divided into parcels, each parcel could be designed to suit the specific needs of citizens and industries. Further, local geological and meteorological conditions could be considered in the design and deployment phase of EI systems. Of course, various backup "circles" of energy supplies (e.g., biogas and battery systems) are required to ensure reliable and quality supply. The case of Energiequelle shows that EI solutions are even cheaper than prevalent ones.
Other application fields are critical services. Industrial parks benefit from the individual design and deployment opportunities presented by local EI systems. Like the community framework, energy-supply and -management systems can serve customer needs very well. In a similar case, operating server farms or data centers often requires specific energy-supply configurations, in which energy companies can charge high premiums to ensure reliability. Although these solutions induce very high costs for the operators of those farms or centers, the opportunity for an individual design is a huge benefit. Local EI systems help remove barriers to operating in remote areas. In this way, big farms or data centers can be in less urbanized areas because a locally designed EI system would not necessarily need a connection with overland grids.
Put simply, EI-based business models can service specific customer needs more effectively than one-size-fits-all solutions. This is particularly essential when power outages are strongly linked to production losses, productivity decrease, or even lost company sales. In these cases, EI-based systems can be designed to be extremely secure and resilient in periods of critical loads or cyberattacks. The latter issue is particularly relevant in the context of digitized and interconnected infrastructures. Finally, local DRM further increases energy-consumption efficiency and, consequently, energy equality.
Lesson 3: Inspire Locals and Jointly Realize Projects
Energy companies need to engage with all stakeholders. Generally, infrastructure projects that imply significant technological and societal change require the involvement of all stakeholders from the beginning [57] . In this regard, Energiequelle's strategy in Feldheim is an ideal example: the early integration of stakeholders, locals, regional governments, and local firms, was a key facilitator of acceptance, implementation, and success. The CEO of Energiequelle communicated with the citizens from the outset and discussed plans with all interest groups. He rapidly recognized their expectations about their village and future, and made them part of the entire solution. In addition, revealing financial planning was as useful as the direct financial participation of the citizens. It is essential to uncover what requirements or characteristics matter most to them: reliability, control, security, cost, or something else [19] . Finally, the added value in the case of the Energiequelle's EI system was the long-term agreement between the community and Energiequelle. In this regard, Raschemann offered long-term participation and benefits to the locals.
In addition to increased acceptance and success rates, completing the project in collaboration with local stakeholders creates a direct supplier-customer link because of the long-term agreement that usually follows the initial investment and deployment phase. Using this tool, energy suppliers have the chance to ensure customer retention. EI business models thus offer the chance to reduce loss of clients that often occurs after the liberalization of markets. Consequently, we believe that Energiequelle's holistic approach to future energy policy could best balance needs and concerns of all interest groups. In a similar vein, energy production and consumption should not be discussed as a single sector issue, but as something that crosses many disciplines [13] .
Lesson 4: Provide Proof of Concept and Secure Energy Equity
Energiequelle's journey provides proof of concept for the idea of EI in future energy production. We learned from Energiequelle that technical realization is not a major challenge. What we need to promote is the diffusion of this solution and more cases of successful implementation. Specific focus needs to be placed on acceptance issues because energy transition induces technological and societal change.
We recommend that companies act quickly. Energiequelle's journey has received significant attention from policymakers, businesses, and the public. We assume that energy suppliers that enter this market early would gain greater profit than latecomers. A higher number of successfully realized projects would build more interest and trust. Consequently, we expect demand for this solution from other local communities, and critical services like educational campuses, hospitals, and data centers, to increase.
From a societal perspective, sustainable solutions based on renewables go hand in hand with international and national climate-protection goals. In this regard, we expect further support from governments and policy for EI diffusion. Avoiding huge overland lines reduces the cost of energy transitions, and lessens public concern and resistance to new energy technologies.
Lesson 5: Islanding Ensures Reliability of Supply and Specific Energy Solutions for Local Communities and Critical Services
From our study, we can infer that islanding not only ensures energy supply in remote areas but, even more interestingly, also exploits the opportunities of renewable-energy sources. Regarding the former, we believe that Energiequelle's EI systems are a resilient solution for energy management in rural areas. This is especially important against the backdrop of an increasing number of natural disasters, such as in North America, Asia, and Europe. The more remote an area is, the higher the requirements for overland grids are. Grids are often not robust, and are susceptible to errors and disasters. Local solutions do not require long wires to these areas and allow for individually designed solutions.
In the context of critical infrastructure, such as hospitals, military bases, and data centers, the design of EI systems offers individual solutions and possibilities in terms of reliability levels. We believe that microelements increase opportunities to set standards for supply security, and protection in case of force majeure. Further, in digitized and interconnected systems, such as smart cities or fully automated industrial facilities, local grids might decrease the risk of extensive blackouts due to cyberattacks or technical malfunctions. These events often cause lost production, reduced productivity, and reduced sales.
Additionally, Energiequelle's EI strategy fits the production and consumption patterns of renewables very well. Thus, production facilities for renewable-energy sources are decentrally located. Transferring energy over long distances results in considerable distribution losses. This problem is avoided if energy is locally produced. Furthermore, the avoidance of big overland wires reduces interference with nature and societal structures. New network infrastructure is only required if production and consumption sites are not in the same area. A centralized energy system would require connecting all parts of the country to a secure quality supply. Local grids would avoid these investments as energy mixes can be adjusted to local conditions.
Lesson 6: Consider Civic Participation, as it Increases Acceptance of Innovative Technologies
The final lesson we can take from Energiequelle's EI project relates to the effects of civic participation on infrastructure projects. Based on our findings, Energiequelle's approach increases the active participation of locals and, consequently, the acceptance of innovative infrastructure technologies. In our case, the local community felt they were part of the project. Consequently, the changing conditions during the transition were quickly accepted by the citizens and the realization of the infrastructure project supported.
Energy transition is a socioeconomic issue [42] . What we have learned from Energiequelle is that technical components and all dimensions of a successful EI solution based on renewables are not a problem. In addition to the economic incentives discussed earlier, it is the organizational change induced by the energy transition that requires specific attention [58] . Citizens need to accept and tolerate the innovative technological system, the new organization of energy supply, and their effects on daily life.
Interestingly, we find price incentives to be a complementary enabler of participation and acceptance. Energiequelle arranged energy unit costs that are 20% under the market price and fixed them for a period of 10 years. In addition to that, the citizens of Feldheim got the chance to make private investments in the project so that overall costs could be reduced. Our analysis revealed that, although the share of private investments was quite limited compared to the overall realization costs, the buy-in opportunity for citizens positively affected the participation and acceptance of the locals. We assume this commitment to be crucial for the overall success of Energiequelle's strategy.
An interesting secondary aspect is that the project has triggered energy consciousness among the citizens. We believe this to be essential to accomplish climate-protection goals. Reorganizing energy production through the implementation of EI is just one aspect. It is equally important that consumption patterns are adjusted to the production characteristics of renewables. As such, localized solutions with the direct participation of stakeholders exploit the potential of DRM, and help ensure appropriate peak management.
Conclusions
Limited fossil resources, government intervention, and decarbonization goals are forcing companies in the energy sector to rethink their business strategies. Transitioning to renewable-energy sources such as wind and solar not only induces technological change but also requires a reorganization of the entire energy market, including business models and stakeholder management. Recent discussions have shown that EI can be an appropriate way for energy companies to maintain their core business and generate additional revenue streams. However, sustainable EI business models for energy companies and their implementation are still in their infancy and require further proof of concept.
This business case study helps to provide proof of concept by describing how German energy company Energiequelle successfully applied EI for both electricity and heat at the community level. By tracking Energiequelle's journey, we (1) highlighted the crucial steps in establishing an EI-based microgrid, (2) identified strategies for the successful implementation of EI projects, and (3) discussed the vital role of effective stakeholder management. On the basis of our business case-study analysis, we present a suitable example of how the interplay between acceptance and participation can lead to the successful realization of infrastructure projects and, thus, the success of community-based innovation processes. Energy companies and policymakers should understand that consumers are also citizens of their city and are therefore interested in their local environment. Moreover, we present six lessons learned, including five key sources of future revenue streams for energy companies: design, infrastructure, deployment, management, and control and maintenance. We recommend companies to act quickly, as being the first in this market enables them to gain the greatest benefit from this business opportunity.
In addition, infrastructure projects that induce both technological and social change require a holistic approach to EI implementation. We encourage companies to engage in private-public partnerships to exploit financial opportunities and facilitate project approval procedure. Energiequelle's strategy shows how active co-operation with important stakeholders can facilitate the realization of an EI project. Interestingly, we identify private-investment opportunities as a complementary enabler of Energiequelle's project. This buy-in mechanism increases acceptance and success in the short run, and ensures customer retention in the long run.
Limitations
This work has several limitations. First, our study focused only on a single case company in Germany. Therefore, country-specific social and market structures must be taken into account when discussing strategic implications and drawing general conclusions [59] . Although the German energy market was liberalized in 1998, the sector is still highly regulated, particularly in the technical and organizational aspects [60] . Other country-specific aspects are an outdated infrastructure, rising costs of energy in the last decade, and extensive climate change discussions in society. In future research, scholars should extend our study to other countries with different institutional, industrial, and societal settings. Such research would provide further evidence of the potential of EI-based business models. Second, we framed the study around the EI business model that Energiequelle applied in Feldheim, and drew lessons from the level of energy companies. Future studies may go beyond the perspective of energy companies and executives within energy companies to that of information-technology (IT) executives and draw lessons from EI that IT executives in nonenergy industries need to know. By acknowledging these limitations, we discussed six strategically essential lessons that are associated with the approach of establishing the EI business model. Funding: This research received no external funding.
